Aortic lesions pathognomonic for Spirocerca lupi were found in 123 of 150 (82%) coyotes. Canis latrans. 23 of 66 (35%) bobcats. Felis rufirs, one of five gray foxes, Urocyon tinereoargenteus and one of two red foxes. Vulpes vulpes, examined in West Texas. Adult nematodes in the esophagus here recovered from 11 of 150 (7%) coyotes. In the aorta there was initially an acute inflammatory response followcd by an eosinophilic granuloma surrounding larval nematodes. The principal lesion was scarring of the aorta with replacement of elastic tissue with collagen. There was blockage of the intervertebral arteries. pitting and formation of granulomatous nodules on the intimal surface and scarring with divcrticula and aneurysms in affected animals. The response to adult nematodes in the esophagus was usually a small eosinophilic granuloma surrounding the worms. There was no evidence of esophageal sarcoma or spondylosis deformans of thoracic vertebrae as reported in the dog.
The biology, host-parasite relationships and pathology of Spirocerca lupi infection in the dog have been extensively reviewed [2, 4] . This nematode also has been reported in the cat, coyote, fox, jackal, jaguar, lynx, snow leopard and wolf [3] . Because little information is available on the ramifications of this infection in feral hosts, the discovery of a naturally infected population of wild carnivores in West Texas allowed us to examine the incidence and comparative pathology in these poorly known or previously undescribed hosts.
Materials and Methods
Wild carnivores of several species (coyotes, bobcats and grey and red foxes) were collected in King. Knox and Dickens counties. Texas. from December 1973 through January 1977. Most were freshly skinned carcasses from fur trappers. Carcasses were either examined in the field or frozen for later necropsy in the laboratory. Most animals were weighed measured and their general condition noted before they were skinned. Age was determined only for coyotes 181. Bobcats were classed as juveniles (younger than 1 year) or adults (older than 1 ' i 2 years). Necropsies were done on all animals. Pathological and normal tissues from the aorta and esophagus were fixed in buffered 10% formalin. Thoracic vertebrae of animals with extensive aortic involvement were split longitudinally with a bone saw and examined for inflammatory and other changes. Sections cut from paraffin- 
Results
One hundred and twenty-three of 150 (82%) coyotes, Canis latrans, examined had aortic spirocerca lesions, either active or scars, or both. Only 11 (7%) had adult nematodes in the esophagus. There was a positive correlation of host age and frequency of occurrence of this infection (table I) . Of 100 coyotes whose age was determined, all over 3 years old had scarred aortas. There was no correlation between host sex and aortic lesions. Of 132 coyotes whose sex was recorded, 55 of 67 (82%) males and 54 of 65 (83%) females had aortic lesions.
Twenty-three of 66 (35%) bobcats, Felis rufus, examined had aortic lesions ascribable to S. lupi. There was no evidence of esophageal involvement in this host and in only one instance were live larvae in the aorta.
There were minor lesions in the thoracic aorta of one of five gray foxes, Urocyon cinereoargenteus, and one of two red foxes, Vulpes vulpes. These were identical to aortic lesions in the less severely affected coyotes.
Gross lesions of the aorta varied greatly in the coyote. In the younger coyotes and in less severe cases the only lesions were slight pitting of the intima adjacent to one or more small intimal plaques or nodules near the intervertebral arteries. These lesions were found only in the thoracic aorta. They were confined to the intima and connective tissue and elastic fibers immediately beneath in the tunica media. They were not visible from the adventitial aspect of the aorta. Occasionally, red larvae of S. lupi were visible just beneath the intimal surface in small hemorrhagic nodules.
More severe aortic involvement was noted in most coyotes older than 1 year old ( fig. 1 ). Often there was severe pitting and plaque formation along the entire length of the aorta. One to several hyperemic and hemorrhagic nodules up to 10 millimeters in diameter were usually adjacent to the intervertebral arteries. One to many larval nematodes could be extracted from beneath the intimal surface of these lesions. Often the aorta was scarred and diverticula were present. Occasionally, acute hemorrhagic lesions containing larvae as well as extensive scarring and small aneurysms from previous regressed lesions were noted in the same aorta. Granulomas usually were limited to the thoracic aorta, but occasionally extended into the abdominal aorta at its bifurcation into the iliac arteries. Often the lumen of an intervertebral artery surrounded by a granulomatous lesion was occluded or obliterated. From the serosal aspect, these aortas were as much as twice their normal diameter with irregular nodules and bubble-like aneurysms evident.
In severely affected coyotes the aortas were grossly dilated with extensive scarring and development of large aneurysms up to 30 millimeters in diameter ( fig.  2 ). These contained mural thrombi with the aortic walls appearing paper thin in some areas. There was complete inelasticity of these aortas. The intervertebral arteries along most of the aorta were obliterated or obstructed with scar tissue. From the surface aspect these aortas sometimes exceeded 50 millimeters in diameter at the sites of large ballooned aneurysms ( fig. 3 ) .
Aortas in the bobcat were less severely affected. Lesions varied from a single small hyperemic nodule in the thoracic aorta to more extensive pitting, to plaques and nodules and to small diverticula, aneurysms and scarring along most of the intimal surface. Larval nematodes were seen in only one bobcat. From the adventitial aspect, the granulomatous lesions and small bubble-like aneurysms were evident.
Lesions in the aortas of the grey and red fox consisted of small hyperemic nodules. The adjacent intimal surface of the thoracic aorta was pitted.
Acute granulomatous lesions of the aorta containing larval nematodes were principally confined to the tunica media and tunica adventitia ( fig. 4 ). These were cavernous with necrotic debris and acute inflammatory cells. predominantly eosinophils and neutrophils, surrounding the nematodes. More peripherally, there were many eosinophils with some plasma cells, histiocytes. lymphocytes, epithelioid cells and fibroblasts. The lesion was encapsulated with extensive deposits of collagen and, if in the tunica media, there was disruption of elastic fibers. There was usually a peripheral tissue eosinophil infiltrate adjacent to the granuloma.
Frequently, granulomas containing dead and calcifying nematodes were seen. Centrally, nematodes were surrounded by necrotic debris and histiocytes and peripherally encapsulated with collagen. Often, in tissue adjacent to such lesions, macrophages laden with yellow-brown granules were numerous.
Sections through areas of scarring or an aortic aneurysm showed the elastic fibers had been partially to completely replaced with collagen in the tunica media ( fig. 5 ). In severe cases extensive scarring and granulomatous tissue extended into the tunica adventitia or bulged into the lumen of the aorta from the intimal surface. Often there were metaplastic changes of the smooth muscle cells to chondrocytes. This was apparently followed by calcification and ossification. Frequently, small areas of heterotopic bone surrounding myeloid cells were seen in old lesions from extensively scarred aortas. Esophageal granulomas containing adult worms or evidence of regression of such lesions were not seen in bobcats or foxes that had aortic lesions. Only 11 of 150 coyotes had esophageal granulomas. These lesions were seen in coyotes collected between April and October, possibly reflecting a seasonal occurrence of adult worms in this host. Because most coyotes (about 70%) in this study were collected during the winter months (November through February), the low frequency of adult worms and esophageal lesions may be somewhat biased. In only five of 11 coyotes with esophageal granulomas was there communication between the adult worms and the mucosal surface.
Esophageal granulomas in these five cases contained one to four adult female S. lupi with their posterior extremities extruded through an orifice into the esophageal lumen. Eggs were seen in fecal smears from three of these five coyotes. The remaining six coyotes had granulomas on the adventitial aspect of the esophageal wall ( fig. 6 ). Nematodes were often partially extruded from these lesions with their anterior or posterior extremities free within the thoracic cavity.
In one of the above coyotes, a small calcified nodule that contained a partially calcified nematode similar to S. lupi was removed from the serosal aspect of the cardia of the stomach.
Histologically, esophageal lesions presented as a mild granulomatous response with adult nematodes surrounded predominantly by eosinophils and a few neutrophils ( fig. 7) . Peripherally, there were masses of eosinophils, plasma cells and histiocytes. Numerous fibroblasts, which looked embryonic, and epithelioid cells surrounded the lesion. The lesion was poorly encapsulated with collagen, but usually there was a sharp demarcation between reactive and normal tissue adjacent to the lesion.
The adult and larval S. lupi were readily differentiated from similar nematode species by their large size, distinctive ballooning lateral cords, thick cuticle and coelomyarian musculature ( fig. 7) . Additionally, there is no other known nematode species that routinely occurs in the aorta or esophageal wall of canid or related hosts.
There was no evidence of deformative ossifying spondylitis of the thoracic vertebrae in any of these animals. Even in coyotes with severely affected aortas this lesion was absent. Additionally, esophageal lesions were small and there was no evidence of neoplastic changes.
Discussion
Spirocerca lupi has been reported from the coyote in Texas (10, 111. In a statewide survey from July 1967 to June 1968, 67 of 107 coyotes had aortic lesions, but only six had esophageal granulomas [ 101. Three of 13 coyotes collected in the spring and summer months from south Texas had adult worms in the esophagus, but in only one instance was there communication to the lumen of the esophagus Ill]. Aortic lesions were present in nine of 10 adult coyotes in this study. The results of our study in which only five of 150 coyotes had esophageal lesions that communicated with the lumen and the high incidence of aortic lesions (123 of 150) substantiate the results of these previous studies. One researcher [3] concluded that "even though adult worms reached the esophagus in only about 9% of the infected coyotes, they could still be an important reservoir host if the worms in the esophagus generally establish communication with the lumen as they do in the dog". The high incidence of aortic involvement, but few esophageal lesions often with apparent failure of the worms to establish communication with the lumen where eggs can be passed and the life cycle completed, superficially indicates that the coyote is a poor reservoir host for S. lupi. Our data indicate, however, a possible seasonality associated with this infection. Esophageal lesions were noted only in coyotes collected during the warmer months (April through October). If, as previously suggested [ 1 11, the coyote is not as favorable a host for S. lupi as the dog, this could be reflected in the frequent failure of the parasite to establish communication with the esophageal lumen and in the longevity of the worm oncc it reaches the esophagus. Although there is no definite evidence on the life span of the adult worm in the dog, experiments with single inoculations of S.
fupi larvae indicate they may live over a year. With three monthly inoculations of larvae, however, one dog had complete regression of esophageal lesions 6 months after the last inoculation (31.
Thus, the role of the coyote as a reservoir of spirocercosis in Texas is difficult to determine. Certainly, the high incidence of aortic lesions, but apparent low incidence of patent infections are difficult to explain in terms of epizootiology. The region from which wild carnivores were collected in this study is predominantly sparsely populated rangeland with a very low density of pet or working dogs. Likewise, there is a virtual absence of feral dogs in the region. Local veterinary practitioners queried regarding spirocercosis in dogs were not aware of its presence. Thus, it is difficult to imagine seeding of the environment by the domestic dog with sufficient eggs to account for the frequent aortic involvement found in coyotes and bobcats. Perhaps the low number of esophageal lesions encountered in the coyote is a reflection of sample bias. Of the 51 coyotes collected during warmer months (March through October), 11 had adult S. fupi (22%) with five of these cases resulting in patent infections (10%). Likewise, in south Texas three of nine (33%) adult coyotes collected during spring and summer had adult worms in the esophagus and one of these had established communication with the lumen (1 1 %) [ 1 I ] . These data together with at least some evidence of rapid regression of lesions after repeated exposure to larvae 131 suggest that the coyote, although perhaps not as favorable a host as the dog, is an important reservoir for spirocercosis in Texas.
Other wild carnivores from this area are not reservoirs for S. fupi. Although aortic lesions were common in the bobcat, there was no evidence of active or regressed esophageal lesions. This is the first report of S. lupi from the bobcat. The single previous report of S. lupi from one of 1 12 gray foxes in Texas is unclear as to the location of the worm or the nature of the lesion [ 51.
Scarring of the thoracic aorta is the pathognomonic lesion of spirocercosis in all hosts [ 3 ] . Lesions in the coyote, however, may extend into iliac arteries. This has been reported in the dog only in Kenya 191. Also, in natural infections of the coyote there apparently is repeated exposure such that active hemorrhagic granulomas containing larvae may be present adjacent to retrogressive scar tissue or an aneurysm of old healed lesions. Otherwise acute aortic lesions from coyotes in this and other studies 11 0, 111 seem similar to those in dogs 71 . This is the first report of heterotopic bone formation in old lesions in the coyote and bobcat. Similar lesions occur in severely affected dogs 11, 31. Despite extensive involvement of the aorta, there was no evidence of spondylosis of thoracic vertebrae in coyotes or bobcats, although this is not uncommon in dogs with chronic spirocercosis [ 3 ] .
Esophageal lesions of the coyote seem to differ from those reported for domestic canids (21. The granulomatous response in the former species appears to be much smaller, poorly encapsulated, and contains fewer adult nematodes. Additionally, the granuloma is frequently localized in the adventitial surface of the esophagus and the nematodes fail to communicate with the esophageal lumen. Although fibroblasts surrounding the granuloma looked somewhat embryonic as reported in the dog [2] , there was no evidence of esophageal sarcoma associated with this lesion in the coyote.
Although spirocerca granulomas have been found in several unusual places in dogs [12] , the only unusual site in the coyote was on the serosal aspect of the stomach.
A great decrease in frequency of spirocercosis in dogs from Alabama has been noted in recent years. The percent prevalence has decreased from 7.9 between 1951 to 1962 to 1.2 from 1963 to 1970 131. The decrease in number of dung beetles, the intermediate hosts, because of insecticides has been postulated as a reason for this decrease. Such a decrease in prevalence of spirocercosis in coyotes from Texas is not evident. In a statewide survey in 1971, 63% of the coyotes examined showed evidence of spirocercosis [ 101. Eighty-eight percent of the coyotes collected from 1973 to 1977 in west Texas showed contact with S. Zupi.
The ramifications of this infection on the morbidity and mortality of these hosts are difficult to assess. Probably the severe aortic lesions in some animals are not without some consequence on the morbidity of these hosts. Likewise, one species of these wild carnivores, the coyote, seems to be the principal host and disseminator of S. Zupi from this area. Considering the common and widespread occurrence of S. Zupi in wild carnivores, especially the coyote, in Texas, it seems unusual that the infection is so infrequently observed in dogs from the state [ 31.
